Background {#Sec1}
==========

Cognitive impairment in aging {#Sec2}
-----------------------------

With the global population aging, there is a growing urgency to identify the most effective strategies to prevent cognitive decline. Early prevention strategies may provide the greatest impact on the incidence of cognitive impairment in aging \[[@CR1]\]. With the goal of intervening earlier, it is of interest to examine non-demented older adults with self-reported cognitive complaints, regardless of whether they have objective evidence of impairment \[[@CR2]\]. The estimated prevalence of cognitive complaints in older adults ranges between 11 % and 56 % \[[@CR3], [@CR4]\]. Cognitive complaints have been associated with poorer scores on objective cognitive assessments \[[@CR5]\], as well as cortical and hippocampal atrophy \[[@CR6]\], and each identified cognitive complaint increases the likelihood of cognitive impairment by approximately 20 % \[[@CR5]\].

Relationship between cognition and vascular disease {#Sec3}
---------------------------------------------------

Vascular risk factors (e.g., hypertension, obesity) are considered the most readily modifiable risk factors for dementia \[[@CR7]\]. These risk factors, especially elevations in blood pressure (BP) and the associated arterial stiffening, reduce cerebrovascular reactivity and cerebral blood flow, and predispose older adults to greater risk of hypoperfusion in the brain \[[@CR8]\]. Sustained hypertension and arterial stiffness are associated with a number of pathological changes in the brain \[[@CR9]\], the occurrence of a stroke \[[@CR10]\], the presence of neurotropic markers of Alzheimer's disease (AD) \[[@CR11]\], poorer scores on objective cognitive testing \[[@CR12]\], and clinical dementia \[[@CR13]\]. Although there is an increasing consensus on the role of vascular risk factors in cognitive impairment, few studies have investigated the effects of modifying vascular risk factors on cognitive health in either healthy older adults, or in those with cognitive impairment \[[@CR14]\].

Relationship between cognition and mobility {#Sec4}
-------------------------------------------

Gait dysfunction is frequently observed in older adults with cognitive impairment \[[@CR15]\], often precedes a diagnosis of dementia \[[@CR16]\], and has been suggested as a potentially modifiable risk factor for cognitive decline \[[@CR16]\]. Specifically, reduced gait velocity and step length, and increased gait variability under usual (i.e., normal walking) and dual-task (DT; i.e., walking while subtracting 7 s from 100) conditions, have been associated with impaired executive functioning (EF) \[[@CR17]\], underlying cerebrovascular disease \[[@CR18]\], and reduced prefrontal and parietal cortical volume \[[@CR19]\] in cognitively healthy older adults, as well as diffuse cortical atrophy \[[@CR20]\] and abnormal neurochemical signatures within the primary motor cortex \[[@CR21]\], among those with mild cognitive impairment (MCI). Gait dysfunction has also been associated with increased falls risk among cognitively healthy older adults \[[@CR22]\] and those with cognitive impairment \[[@CR23]\], as well as an increased risk for institutionalization over 5 years \[[@CR24]\]. Interventions aimed at improving both cognition and mobility may prove most effective at reducing the risk of both cognitive and functional decline.

Non-pharmacological interventions to prevent cognitive and functional decline {#Sec5}
-----------------------------------------------------------------------------

### Exercise interventions {#Sec6}

Healthy lifestyles, including vascular risk factor control through the habitual participation in exercise, may be an important strategy to prevent or slow the progression of AD \[[@CR25]\]. Previous meta-analyses have revealed positive effects of aerobic exercise on cognition, with the largest effects on EF and global cognition in cognitively healthy older adults \[[@CR26]\] and those with objective cognitive impairment \[[@CR27]\]. Despite this evidence, a recent Cochrane review found that there is insufficient evidence to conclude that cognitive improvements are solely attributable to improved cardiovascular fitness \[[@CR28]\]. Although more research is needed, resistance training has been found to impart cognitive benefits in older adults without cognitive impairment, including improvements in memory and EF \[[@CR29]\], as well as frontal lobe neurophysiology \[[@CR30]\], and elevations in circulating neural growth factors \[[@CR31]\].

Exercise interventions aimed at improving balance and mobility have also produced discrepant findings. A Cochrane review highlighted the paucity of evidence related to the effect of exercise on mobility outcomes (i.e., usual and DT gait) and concluded that the available evidence suggesting exercise can impart moderate benefits on mobility outcomes is weak, and that further rigorously developed randomized controlled trials (RCTs) are required \[[@CR32]\].

Multiple-modality exercise programs incorporate a number of physical exercise training types (i.e., aerobic, resistance, flexibility, and balance) \[[@CR33]\]. Combining multiple exercise modalities may lead to greater improvements in cognition, vascular health, and functional outcomes, when compared to programs that focus on a single modality (e.g. aerobic only or resistance only programs) \[[@CR34]\]. Previous meta-analyses in healthy older adults observed that aerobically-based, multiple-modality exercise programs can improve cognitive function, specifically EF \[[@CR35]\] and information processing speed \[[@CR36]\], to a greater extent than aerobic exercise alone. Results from several RCTs suggest that similar results can be expected for those self-reporting cognitive complaints \[[@CR37], [@CR38]\] or with objective cognitive impairment \[[@CR39], [@CR40]\].

Participation in three months of multiple-modality training or less has been associated with improved cognitive functioning \[[@CR41]\], medial temporal lobe neurophysiology \[[@CR42]\], functional mobility \[[@CR41]\], and usual and DT gait velocity \[[@CR43]\] in cognitively healthy older adults. Further, improved cognitive functioning has been observed in older adults with self-reported cognitive complaints \[[@CR37]\]. Longer duration interventions might be more efficacious at improving cognition. Six months of multiple-modality exercise has been shown improve global cognition in older adults with self-reported cognitive complaints \[[@CR38]\], as well as improve global cognition and reduce cortical atrophy in older adults with objective cognitive impairment \[[@CR40]\], and these improvements can be maintained for up to 12 months \[[@CR38]\]. Further, 12 months of multiple-modality exercise can improve global cognition, memory (immediate recall), and verbal fluency in older adults with objective cognitive impairment \[[@CR39]\]. These observations suggest that multiple-modality exercise programs can serve as an effective and multifaceted approach to benefit a number of cognitive and functional outcomes in cognitively healthy older adults and in those at risk for dementia.

### "Traditional" cognitive training & innovative cognitive-physical ("Mind-Motor") programs {#Sec7}

Cognitive training requires the organization and direction of a number of neurological processes, such as attention, perception, memory, and EF, and has been shown to benefit cognition in aging \[[@CR44]\]. A recent meta-analysis revealed significant effects for cognitive training on EF, memory and global cognitive functioning, when compared to active controls (e.g., groups receiving educational DVDs or health promotion training) \[[@CR45]\]. Further, this meta-analysis suggested significant effects for cognitive training on memory and subjective cognition functioning when compared to controls receiving no intervention \[[@CR45]\]. Although the initial observations related to the cognitive benefits of cognitive training are promising, the improvements in cognitive functioning that are garnered following cognitive training are traditionally domain-specific \[[@CR46]\].

Square-Stepping Exercise (SSE) is a simple, low-cost, indoor, group-based exercise program for older adults \[[@CR47]\]. This novel program can be best described as a visuospatial working memory task with a stepping response (i.e., "mind-motor" training) and requires participants to memorize and execute progressively more complex foot placement patterns that involve forward, backward, lateral, and diagonal steps using a gridded floor mat. Although SSE was originally designed to improve lower extremity mobility in at-risk fallers \[[@CR47]\], pilot work suggests the potential for SSE to benefit cognition \[[@CR48]--[@CR50]\]. Improvements in global cognition, attention, and mental flexibility were seen in cognitively healthy older adults after a 16-week SSE program (40 min/day, 3 days/week) \[[@CR48]\], and improved memory and EF following a 26-week SSE program (1 day of class-based SSE/week for 50--60 min plus 10 min of daily SSE homework) \[[@CR49]\]. Furthermore, improvements in verbal learning and memory, verbal fluency and global cognitive function were seen in older adults without dementia following a 6-month exercise plus DT training intervention (involving SSE) \[[@CR50]\]. The available evidence regarding the effects of SSE on cognition is still preliminary and has not been examined in regard to gait dysfunction, and thus, future rigorously designed trials are required to determine the efficacy of SSE on cognitive and functional outcomes.

Rationale and study objectives {#Sec8}
------------------------------

Despite these promising observations, several limitations related to our understanding of the cognitive and functional benefits of exercise or cognitive training remain. Questions regarding the frequency, intensity, time, and type of exercise that would provide the greatest cognitive benefit are currently equivocal \[[@CR51]\]. Other external factors, including biological sex \[[@CR34]\] and the severity of cognitive impairment \[[@CR27]\] also appear to modify the relationships of exercise with cognitive and physical functioning. The available evidence suggests that aerobically-based exercise programs that incorporate other exercise modalities (i.e., resistance, balance) and some form of cognitive training, might impart a significantly larger global cognitive benefit than those that focus on a single strategy \[[@CR34]\]. Additional large-scale, rigorous RCTs are required to determine the impact of multiple-modality exercise programs combined with novel cognitive training programs, on cognition and functional mobility outcomes, and to delineate the trajectory of these improvements as well as the maintenance of training effects after follow-up, in older adults who may be at increased risk for future cognitive decline \[[@CR28], [@CR51]\].

The primary objective of this study is to determine whether a group-based multiple-modality exercise program combined with mind-motor training \[Multiple-Modality, Mind-Motor (M4)\] can lead to improved global cognitive functioning at 24 weeks, when compared to a multiple-modality exercise program alone \[Multiple-Modality (M2)\], among community-dwelling older adults with self-reported cognitive complaints. The study hypothesis is that improvement in global cognitive functioning will be observed in both groups; however, the improvement will be greater for M4 compared to M2. Secondary objectives include investigating whether M4 (when compared to M2) improves: i) global cognitive functioning at 52 weeks; ii) domain-specific cognitive functioning at 24 and 52 weeks; iii) mobility (gait characteristics under usual and DT conditions and balance) at 24 and 52 weeks; and iv) vascular health (BP and carotid arterial measurements) at 24 and 52 weeks.

Methods/design {#Sec9}
==============

This study is a two-arm, 24-week RCT with a 28-week no-contact follow-up. Participants were randomly allocated (1:1) to either: 1) the intervention (M4) group; or 2) the comparison (M2) group. This study is being run in four waves; the first wave commenced exercise classes on 10 February 2014 and the fourth and final wave began exercise classes on 30 March 2015. All study data collection will be completed by April 2016. The design and reporting of this study follows the CONSORT (Consolidated Standards of Reporting Trials) 2010 Statement for parallel group randomized trials \[[@CR52]\]. This RCT was registered with ClinicalTrials.gov on 29 April 2014 (Identifier: NCT02136368).

Ethics, consent and permissions {#Sec10}
-------------------------------

The Western University Health Sciences Research Ethics Board approved this study (Protocol \#18858 and File \#102434) and all participants provided written informed consent prior to taking part in this study.

Setting {#Sec11}
-------

Participants were recruited from the communities in and around Woodstock, ON, Canada. Screening visits, specific components of the measurement sessions, and the exercises classes are held at community-based locations in Woodstock. Components of the measurement sessions that could not be completed within the community take place at the Parkwood Institute in London, ON, Canada.

Recruitment strategies {#Sec12}
----------------------

Formal recruitment commenced on 5 December 2013. Community-dwelling older adults were recruited via: 1) advertisements in the local newspapers and community partner publications; 2) posters at local businesses; 3) health fairs; 4) and word of mouth. Interested individuals contacted the study coordinator by phone, where they were provided with a brief description of the study. Individuals were then asked about their age, living status and whether they had a cognitive concern. If responses suggested study eligibility then interested individuals were invited to attend a formal in-person screening visit.

Participants {#Sec13}
------------

Older adults were eligible if they: 1) were aged 55 years or older; 2) self-reported a cognitive complaint (i.e., answering "yes" to the question: "Do you feel like your memory or thinking skills have gotten worse recently?") and; 3) had preserved instrumental activities of daily living (based on the Lawton-Brody Instrumental Activities of Daily Living scale) \[[@CR53]\]. Exclusion criteria were: 1) probable dementia (i.e., self-reported diagnosis or Mini-Mental State Examination score \< 24) \[[@CR54]\]; 2) major depression \[i.e., score ≥ 16 on the Center for Epidemiologic Studies -- Depression Scale combined with clinical judgment by the Principal Investigator and study physician (R Petrella)\]; 3) other neurological or psychiatric disorders; 4) recent history of severe cardiovascular conditions; 5) significant orthopaedic conditions; 6) BP unsafe for exercise (i.e., \>180/100 mmHg and/or \<100/60 mmHg) \[[@CR55]\]; 7) severe sensory impairment; 8) unable to comprehend study letter of information; 9) unable to commit to at least 80 % of exercise sessions over the 24-week intervention period; and 10) any other factors that could potentially limit the ability to fully participate in the intervention.

Interventions {#Sec14}
-------------

### Comparison group: Multiple-Modality (M2) exercise group {#Sec15}

The M2 group participated in 60-minute group-based multiple-modality exercise classes, 3 days per week over 24 weeks. The class breakdown was as follows: 1) 5-minute warm-up; 2) 20 minutes of moderate-to-vigorous-intensity aerobic exercise; 3) 5-minute aerobic cool-down; 4) 10 minutes of resistance training; 5) 15 minutes of balance training, range of motion and breathing exercises; and 6) 5 minutes of stretching (see Table [1](#Tab1){ref-type="table"}). The balance training, range of motion, and breathing exercises do not incorporate the use of additional loading (e.g., hand weights or resistance bands), and were deemed as suitable control exercises within the M2 group, as these exercises have not been found to impart cognitive benefits \[[@CR56]\].Table 1Description of M2 and M4 interventionsM2: Multiple-Modality Exercise Group\
(Comparison Group)M4: Multiple-Modality, Mind-Motor Exercise Group (Intervention Group)Warm-up (5 minutes)\
 o Light aerobics\
 o Dynamic range of motion of the major jointsWarm-up (5 minutes)\
 o Light aerobics\
 o Dynamic range of motion of the major jointsAerobic Exercise (20 Minutes)\
 o Large rhythmical endurance activities (e.g., walking, marching, sequenced aerobics)\
 o Keep HR continuously in target zone (i.e., not interval training)\
 o Moderate to vigorous intensity\
 o RPE: 5--8 on scale of 0--10\
 o Participants to check HR ½ way through and at end of aerobic exercise.Aerobic Exercise (20 Minutes)\
 o Large rhythmical endurance activities (e.g., walking, marching, sequenced aerobics)\
 o Keep HR continuously in target zone (i.e., not interval training)\
 o Moderate to vigorous intensity\
 o RPE: 5--8 on scale of 0--10\
 o Participants to check HR ½ way through and at end of aerobic exercise.Aerobic Cool Down (5 minutes)\
 o Safely bringing heart rates downAerobic Cool Down (5 minutes)\
 o Safely bringing heart rates downResistance Training (10 minutes)\
 o Therabands, wall or chair exercises, core strengthening\
 o Day 1 -- Upper body focus\
 o Day 2-- Lower body focus\
 o Day 3 -- Core focusResistance Training (10 minutes)\
 o Therabands, wall or chair exercises, core strengthening\
 o Day 1 -- Upper body focus\
 o Day 2 -- Lower body focus\
 o Day 3-- Core focusBalance, Range of Motion & Breathing\
(15 minutes)\
 o Keep HR *BELOW* target zone\
 o Dynamic, static and functional balance\
 o Breathing and relaxation exercises\
 o Finger exercises\
 o Range of motion (e.g., arm circles)Mind-Motor Training (15 minutes)\
 o Keep HR *BELOW* target zone\
 o Progressive, group-based, Square Stepping Exercise (SSE)Stretching (5 minutes)Stretching (5 minutes)TOTAL: 60 minutes\
60 minutes Multiple-Modality ExerciseTOTAL: 60 minutes 45 minutes Multiple-Modality Exercise 15 minutes Mind-Motor Exercise*Abbreviations*: *HR*, heart rate; *RPE*, rating perceived exertion^**a**^Note: This table represents an individual session breakdown by group. Participants attended these structured 60-minute group-based exercise classes, 3 times per week for 24 weeks

### Intervention group: Multiple-Modality and Mind-Motor (M4) exercise group {#Sec16}

Participants in the M4 group completed a similar multiple-modality exercise class, with one exception; specifically, 15 minutes of mind-motor exercise (i.e., progressive SSE) was substituted in place of the 15 minutes of balance, range of motion and breathing exercises. This way, participants in both groups were taking part in the same amount of activity (60-minute classes; 3 days per week for 24 weeks) and were receiving the same amount of social interaction and attention from the study personnel, with the only difference being the type of activity that they received for 15 minutes during each class.

The SSE was selected as the mind-motor training component within this study. There are over 200 stepping patterns that range in difficulty from beginner to advanced. Participants progressed through SSE patterns each class (as a group), and started from the last successfully completed pattern performed during the previous exercise session. The goal was to progress as far as possible over the 24-week period. Participants watched an instructor demonstrate a pattern and then attempted to repeat the pattern (by memory) on the SSE mat (250 cm x 100 cm, partitioned in to 10 rows of 4 equal-sized squares (see Fig. [1](#Fig1){ref-type="fig"}). Participants worked in small groups with no more than 6 participants on an individual SSE mat. In order to promote a positive social atmosphere, participants were encouraged to assist each other during this component of the class. In order to progress to the next SSE pattern, at least 80 % of the participants had to successfully complete the pattern at least four times in a reasonable period of time. If the group did not successfully complete a specific pattern after three classes then the group would progress to the next pattern within the same difficulty level.Fig. 1Description of Square Stepping Exercise (SSE). Participants are required to progress across a gridded floor mat while completing steps that are identical to a previously demonstrated foot placement pattern. As individuals progress, stepping pattern complexity is elevated in order to increase difficulty levels and match the individuals progressed performance capacities. Examples of beginner, intermediate and advanced patterns are shown

Class size, compliance & intensity {#Sec17}
----------------------------------

Study-specific M2 and M4 exercise classes were held during morning time slots, with class sizes varying from 8 to 23 participants (depending on the wave). Attendance at exercise classes was tracked and monitored on a regular basis. The final SSE pattern completed during each session was tracked, and used as the first pattern at each subsequent training session. Participants were encouraged to attend a minimum of 80 % of classes over the course of the intervention period. During the no-contact control period, participants in both groups were encouraged to continue exercising; however, the study team did not provide the M4 group with SSE mats to continue SSE training or provide any additional intervention, and were not in contact with participants until their final study visit.

At the start of the study, each participant was provided with an individualized training heart rate (65-85 % of estimated maximum heart rate) determined via the Step Test and Exercise Prescription (STEP™) tool \[[@CR57], [@CR58]\]. During the aerobic exercise section, participants were encouraged to exercise at their training heart rate and/or at a rating of 5--8 on the 10-point modified Borg Rating of Perceived Exertion (RPE) scale. During either the balance/range-of-motion (M2 group) or the mind-motor (M4 group) components, participants were encouraged to work at a comfortable pace with the goal of keeping heart rates below their training heart rate. Participants were instructed to record their heart rate and RPE both immediately following the aerobic exercise component and then again following either the balance/range of motion (M2 group) or the mind-motor (M4 group) component. In order to ensure progression in aerobic training over the 24-weeks, training heart rates for each participant were recalculated at the midpoint of the intervention (i.e., 12 weeks) via the STEP™ tool.

Instructor training {#Sec18}
-------------------

Exercise classes were led by Seniors' Fitness Instructors, certified through the Canadian Centre for Activity and Aging \[[@CR59]\]. Members from our research team underwent an in-person training session with one of the original developers of the SSE program and study co-investigator (R Shigematsu). Our research team then developed the SSE protocol to be used as the mind-motor component within the M4 group and conducted training with all instructors on the M2 and M4 class exercise protocols, in order to ensure standardized delivery of the programs.

Outcome assessment {#Sec19}
------------------

Outcomes are measured at baseline, 24 weeks (intervention endpoint) and 52 weeks (study endpoint) (see Fig. [2](#Fig2){ref-type="fig"}). Measurement sessions were conducted over 2 to 3 consecutive days; training emphasizes strict adherence to all written study protocols. All participants, regardless of their compliance with the exercise intervention, are telephoned one month in advance to book appointments.Fig. 2Study Flow

### Baseline data {#Sec20}

Baseline measurements were obtained prior to randomization. In addition to the measurements described below, the following were also collected: demographic and general health characteristics; medical history and medications; anthropometric and fitness measurements; cognitive functioning using the Montreal Cognitive Assessment (MoCA) \[[@CR60]\]; and current physical activity levels using the Phone-FITT physical activity interview \[[@CR61]\].

### Measurement protocols {#Sec21}

#### Cognition {#FPar1}

Global cognitive functioning, as well as domain-specific cognitive functioning, is calculated using the Cambridge Brain Sciences (CBS) computerized cognitive battery ([www.cambridgebrainsciences.com](http://www.cambridgebrainsciences.com/)). The CBS contains 12 non-verbal, culturally independent tests, which cover four broad cognitive domains (i.e., memory, reasoning, concentration, planning or EF) \[[@CR62]\] (see Table [2](#Tab2){ref-type="table"}). Six of the 12 tasks emphasize abstract reasoning, planning and problem solving, and these tasks were specifically included since they correlate highly with measures of general fluid intelligence \[[@CR63]\]. The CBS tasks are fully automated, and have been used to effectively evaluate cognition in a several large-scale, population-based studies \[[@CR46], [@CR62]\]. The CBS cognitive battery is a computerized adaptive testing platform that randomly generates novel versions of the tasks between individual trials and can be administered in 60 minutes, thereby eliminating the potential to observe specific test-related practice effects or participant fatigue that are common to traditional paper-based cognitive assessments. The CBS tasks are conducted using laptop computers and a trackball mouse using authorized copies that have been obtained from one of the original developers and study co-investigator (A Owen). The CBS is administered on Day 1 of each measurement session for familiarization purposes only, in order to ensure participants feel comfortable using the trackball mouse and also to prevent any learning effects \[[@CR62]\]. On Day 2 of the measurement session, the CBS testing session occurs.Table 2Description of Cambridge Brain Sciences cognitive batteryTask NameCognitive DomainBrief DescriptionOutcome Measure1. Monkey LadderMemorySets of numbered squares are displayed all at the same time at random locations within an invisible 5x5 grid. After a variable interval, the numbers are removed leaving just the blank squares visible. A tone cues the participant to respond by clicking on the squares in ascending numerical sequence.Maximum level achieved*(Visuospatial working memory)The amount of squares presented increases or decreases by 1 after each trial depending on whether they responded correctly. The first trial contains 4 numbered squares.*2. Grammatical ReasoningReasoningProblems of the form "The square is not encapsulated by the circle" are displayed on the screen and the participant must indicate whether the statement correctly describes a pair of objects displayed in the centre of the screen.Total score*(Verbal Reasoning)In order to achieve maximum points, the participant must solve as many problems as possible within the given time. The total score increases or decreases by 1 after each trial depending on whether they responded correctly.*3. Double TroubleReasoningA coloured word is displayed at the top of the screen (e.g., the word RED drawn in blue ink). Participants must indicate which of two coloured words at the bottom of the screen describes the colour that the word at the top of the screen is drawn in. The colour word mappings may be congruent, incongruent, or doubly incongruent, depending on whether or not the colours that a given word describes matches the colour that it is drawn in.Total score*(Colour-Word Remapping)To gain maximum points, the participant must solve as many problems as possible within the given time. The total score increases or decreases by 1 after each trial depending on whether they responded correctly.*4. Odd One OutReasoningA 3x3 grid of cells is displayed on the screen. Each cell contains a variable number of copies of a coloured shape. The features that make up the objects in each cell (colour, shape, number of copies) are related to each other according to a set of rules. The participant must deduce the rules that relate the object features and select the one cell whose contents do not correspond to those rules.Total correct*(Deductive Reasoning)To gain maximum points, the participant must solve as many problems as possible. If the response is correct, the total score increases by one point and the next problem is more complex. If the response is incorrect, the total score decreases by 1 point.*5. Spatial Span BlocksMemory16 squares are displayed in a 4x4 grid. A subset of the squares flash in a random sequence at a rate of 1 flash every 900 ms. Subsequently, the mouse cursor is displayed and a tone cues the participant to repeat the sequence by clicking on the squares in the same order in which they flashed.Maximum level achieved*(Spatial Span)To gain maximum points, the participant must solve as many problems as possible. If the response is correct, the number of illuminated squares increases by one. If the response is incorrect, the number of illuminated squares decreases by 1. The first trial contains 4 illuminated squares.*6. RotationsConcentrationIn this variant, 2 grids of coloured squares are displayed to either side of the screen with 1 of the grids rotated by a multiple of 90°. When rotated, the grids are either identical or differ by the position of at least 1 square. In order to gain maximum points, the participant must indicate whether the grids are identical, solving as many problems as possible.Total score*(Spatial Rotations)If the response is correct, the total score increases by the number of squares in the grid and subsequent trials have more squares. If the response is incorrect, the total score decreases by the number of squares in the grid and subsequent trials have fewer squares. The first grids contain 4 coloured squares each.*7. Feature Match TaskConcentrationTwo grids are displayed on the screen, each containing a set of abstract shapes. In half of the trials the grids differ by just one shape. In order to gain maximum points, the participant must indicate whether or not the grid contents are identical, solving as many problems as possible.Total score*If the response is correct, the total score increases by the number of shapes in the grid and the number of shapes in subsequent trials increases. If the response is incorrect the total score decreases by the number of shapes in the grid and subsequent trials have fewer shapes. The first grids contain four abstract shapes each.*8. Digit SpanMemoryParticipants view a sequence of digits that appear on the screen one after another. Subsequently, participants are required to repeat the sequence of numbers by using the mouse cursor to click a series of numbered buttons that appear along the bottom of the screen.Maximum level achieved*If the response is correct, the total length of the sequence increases by 1. If the response is incorrect, the total length of the sequence decreases by 1. The first trial contains a four-digit sequence.*9. Hampshire Tree TaskPlanningNine numbered beads are positioned on a tree shaped frame. The participant repositions the beads one-by-one so that they are configured in ascending numerical order running from left to right and top to bottom of the tree.Total score*(Spatial Planning)After each trial, the total score is incremented by adding the minimum number of moves required × 2 (the number of moves actually made), thereby rewarding efficient planning.*10. Paired AssociatesMemoryBoxes are displayed at random locations on an invisible 5x5 grid. The boxes open one after another to reveal an enclosed object. Subsequently, the objects are displayed in random order in the centre of the grid and the participant must click on the boxes that contained them.Maximum level achieved*If the response is correct, the total number of objects increases by 1. If the response is incorrect, the total number of objects decreases by 1, and subsequent trials have fewer objects. The first trial contains 4 objects.*11. PolygonsConcentrationA pair of overlapping polygons is displayed on one side of the screen. In order to gain maximum points, the participant must indicate whether a polygon displayed on the other side of the screen is identical to one of the interlocking polygons, solving as many problems as possible.Total score*(Interlocking polygons)If responses are correct, the total score increases by the difficulty level and the differences between the polygons becomes increasingly subtle.If the responses are incorrect, the total score decreases by the difficulty level and the difference between the polygons become more pronounced.*12. Spatial SearchPlanningSets of boxes are displayed on the screen in random locations within an invisible 5x5 grid.\
The participant must find a hidden "token" by clicking on the boxes one at a time to reveal their contents. When the token is found, it is hidden within another box.Maximum level achieved*(Self-Ordered Search)If the response is correct, the total number of boxes increases by 1. If the response is incorrect, the total number of boxes decreases by 1, and subsequent trials have fewer boxes. The first trial contains 5 boxes.*Note: All tasks are performed for a total of 5 minutes; three 90-second blocks, separated by two 15-second rest periods. During the rest periods, the neuropsychological tasks are hidden from view. Following each rest period, the task is returned to view, and participant continue from the last, correctly completed level of difficulty

Composite scores for each cognitive domain will be derived using previously published methods \[[@CR64]\] as follows: i) calculating baseline group means and standard deviations from each task; ii) for each task, converting scores to standardized z scores (subtracting baseline group mean from raw score and dividing by baseline group SD); and then iii) within each domain, averaging task standardized scores to create domain-specific standardized scores. The four domain-specific standardized scores will then be averaged to create a global cognitive functioning score.

#### Ambulatory BP monitoring {#FPar2}

Participants are fitted with a 24-hour ambulatory BP monitor (Model 90207, Spacelabs Inc., Redmond, WA, USA). A total of 40 readings are recorded over a 24-hour period, with one measurement obtained every half hour during the day (06:00--22:00), and once every hour during the night (22:00--06:00). Participants are instructed to relax the arm and remain still during cuff inflation and deflation; in case of measurement error, the monitor performs an automatic repeat attempt two minutes later. Participants are instructed to keep the cuff on for the entire 24-hour period and to abstain from showering or water activities. An activity log is provided to record any events that could affect BP, such as physical activity or stressful situations. A minimum of 32 measurements (80 %) will be required for statistical analysis. Systolic and diastolic ambulatory BP will be averaged for day-time hours, night-time hours, and then over the entire 24-hour period \[[@CR65]\].

#### Common carotid arterial ultrasonography {#FPar3}

Participants are instructed to avoid engaging in vigorous exercise or drink alcohol for 24 hours, avoid caffeine and smoking for 12 hours, and fast for 4 hours prior to the ultrasound measurement. Participants are instrumented with a standard three lead electrocardiogram and undergo 10 minutes of supine rest in a quiet, temperature controlled room. With the participant's head turned approximately 45 degrees towards the left, a 10Mhz transducer is placed longitudinally along the right carotid artery, 1--2 cm proximal to the carotid sinus, to obtain two-dimensional B-mode ultrasound images (Vingmed System 5, GE Ultrasound A/S, Horton, Norway). Right common carotid arterial diameters are measured in triplicate from wall to wall, and from wall to intima media layer at end diastole and peak systole. Doppler ultrasound is used to collect pulse wave for 60 seconds. Following acquisition of the ultrasound images, carotid pulse pressure is inferred from supine brachial arterial BP (BPM-100, BPTru™ Medical Devices, Coquitlam, BC, Canada). Anatomic land marking is used to ensure that all ultrasound images are obtained from the same portions of the carotid artery and to ensure accurate comparisons over time.

Carotid arterial compliance (CAC) will be determined using the following equation: CAC = \[π(D~max~/2)^2^ -- π(D~min~/2)^2^\]/ΔP \[[@CR66]\], where D~max~ is the systolic carotid arterial diameter, D~min~ is the diastolic carotid arterial diameter, and ΔP is the automated supine brachial pulse pressure. Carotid intima-media thickness (IMT) will be determined by subtracting the carotid arterial lumen diameter from the arterial diameter at diastole. Two trained technicians are responsible for obtaining and analyzing all ultrasound images, with the same technician performing all assessments on a given participant whenever possible. Immediately following the ultrasound measurement, all participants are offered a standardized snack.

#### Gait {#FPar4}

Spatiotemporal gait characteristics are collected using a portable electronic walkway system with embedded pressure sensors \[GAITRite® System; 580 x 90 x .63 cm (L x W x H), an active electronic surface area 792 x 610 cm (L x W), with a total of 29,952 pressure sensors, scanning frequency of 60 Hz, Software version 4.7.1, CIR Systems, Peekskill, NY, USA\]. The pressure exerted by the feet during ambulation across the mat activates the embedded pressure sensors in order to sense and digitally reconstruct the relative arrangement of footfall patterns within a two-dimensional space. The GAITRite® is a valid and reliable tool for gait analysis in healthy older adults \[[@CR67]\] and in those with mobility impairments \[[@CR68]\]. Participant start and endpoints are positioned 1.5 metres from either end of the mat in order to avoid the recording of acceleration and deceleration phases of the gait cycle \[[@CR68]\].

Following the demonstration of a usual (i.e., standard gait with no DT demands) walk by the assessor, participants complete two usual walking trials at their preferred speed (i.e., a single habitualization trial followed by a single collected trial that is to be used for analysis). Participants then perform three separate DT walking conditions (counting backwards by ones; phonemic verbal fluency task; subtracting serial sevens) at a self-selected "usual" pace; for each condition, participants will complete two trials (across the mat and then back to the starting point). There will be no instruction to prioritize gait or responses to the cognitive tasks during the DT conditions. For the "counting backwards by ones" condition and the serial subtraction condition, participants are instructed to start from 100, 90, and 80 at baseline, 24 weeks and 52 weeks, respectively. For the phonemic verbal fluency condition, participants are instructed to name as many animals, vegetables, and countries, at baseline, 24 weeks, and 52 weeks respectively.

The gait performance from the two trials for each DT condition will be combined and the average performance within specific gait parameters will be used for analysis. Under both usual and DT conditions, the following will be examined: average gait velocity (cm/s), step length (cm), and stride time variability \[coefficient of variation (CoV), expressed as a percentage = (SD/mean) x 100\]. In recordings of the usual and DT walks, footfalls that do not entirely fall on the walkway at the start and the end will be removed prior to analyses.

#### Balance {#FPar5}

Balance is assessed using the Fullerton Advanced Balance (FAB) Scale, a valid and reliable tool that was developed to identify emerging static and dynamic balance issues in functionally independent older adults \[[@CR69]\]. Individual performance across 10 separate balance tasks is evaluated and scored on a Likert Scale (ranging from 0--4) following strictly defined criteria. The individual scores are summed to provide a total balance score, where higher scores reflect better balance performance (score ranges from 0 to 40).

#### Other measurements {#FPar6}

Other measurements were taken in order to further describe the sample, help with explaining study findings, and for planned sensitivity analyses.

*The Phone-FITT:* This interview can be administered over the phone or in person, and is a valid and reliable method to evaluate both instrumental activities of daily living (household activity) and leisure time activities (recreational activity) \[[@CR61]\]. The Phone-FITT evaluates the frequency of activities, the average duration of participation during a given bout of the activity, and the perceived intensity at which the activity was performed, during an average week in the past month. Summary scores are calculated for household, recreational and total physical activity. In addition to being measured in-person as part of the measurement sessions, the Phone-FITT was also administered via telephone each month throughout exercise intervention, in order to track other activity that participants were undertaking.

*Clinic BP.* Following 5 minutes of seated rest, BP is measured in triplicate from the brachial artery using an automated oscillometer (BPM-100, BPTru™ Medical Devices, Coquitlam, BC, Canada), with each measure separated by a 2-minute rest period. Clinic BP will be calculated as the average of the last two measurements.

*Anthropometric measurements:* Body weight (to the nearest kg) is measured with a standard weigh scale and height (to the nearest cm) is measured with a stadiometer (Health-o-Meter, Continental Scale Corp., Chicago, Il, USA). Waist circumference (to the nearest cm) is also measured following a normal exhalation at the mid-point between the twelfth rib and the upper boarder of the iliac crest \[[@CR55]\].

*Fitness:* Predicted maximal oxygen uptake (pVO~2~max) is calculated using the STEP™ tool \[[@CR57], [@CR58]\]. Participants are instructed to step up and down a set of two steps (20 cm high), 20 times, at a comfortable pace. An algorithm using age, sex, time to complete the test, and post-test heart rate generates the pVO2max. This tool is also used to provide participants with a target heart rate for exercise at the start of the study and again at the mid-way point of the exercise intervention (as described previously).

Sample size {#Sec22}
-----------

The sample size calculation is based on the primary outcome and analysis. To our knowledge, no study to date has observed the effect of a 6-month multiple-modality and mind-motor exercise intervention on global cognitive functioning in older adults with cognitive complaints. A meta-analysis on the impact of aerobic fitness training on cognition in older adults suggested that physical exercise can improve cognition with an effect size of *d* = 0.48 \[[@CR35]\]. Although the CBS is grounded in well-validated neuropsychological tests \[[@CR46]\], it has not been used to date as an outcome in published exercise intervention studies. For these reasons, sample size for the proposed study must be approximated by using the effect size approach, combined with feasibility and comparisons to sample sizes used in other similar studies.

With 52 participants per group, our study would have 80 % power at the 5 % significance level to detect an effect size (mean difference divided by SD) of 0.55, a moderate effect size. We estimated a dropout rate of 20 % during the 24-week period, which increased our calculation to 65 participants per group. Thus, we proposed that 130 participants (65 participants per group) is a reasonable sample size.

The 20 % drop out rate is conservative since we observed a drop out rate of 16 % in a previous study \[[@CR50]\]. This sample size may also be considered conservative since we will be using a variant of Analysis of Covariance (ANCOVA) to perform data analysis for the primary outcome. This proposed sample size is also in line with two exercise intervention studies for older adults with cognitive complaints; specifically, the MAX trial \[[@CR37]\], where 126 individuals were enrolled, and a trial by Lautenschlager et al. \[[@CR38]\], where 170 participants were enrolled.

Randomization and allocation concealment {#Sec23}
----------------------------------------

The randomization sequence was computer-generated (1:1 in one block of 130) and concealed using envelopes until interventions were assigned. Following baseline measurement, the Research Coordinator (who was not involved in generating the randomization sequence) enrolled and allocated participants to either the M4 or M2 group.

Blinding {#Sec24}
--------

The CBS cognitive battery measurement will be blinded at 24 and 52 weeks. Additionally, wherever possible, study personnel conducting other aspects of the assessments will be blinded to group allocation. Due to the nature of the intervention, neither participants nor the exercise instructors can be blinded to group allocation. The principal investigator and investigators conducting the statistical analysis are also be blinded to group allocation.

Statistical methods {#Sec25}
-------------------

We will analyze data based on an intent-to-treat approach, using mixed models for repeated measurements, which encompasses ANCOVA as a special case \[[@CR70]\]. Therefore, we will include all enrolled participants in analyses and analyze data according to the randomization scheme. For our primary outcome, we will examine the difference between the M4 and M2 groups at 24 weeks in mean change of global cognitive functioning. Our secondary analysis will include examining the difference between groups at 52 weeks in mean change of global cognitive functioning. Next, we will examine differences between groups at 24 at 52 weeks on i) cognitive outcomes: memory, reasoning, concentration and EF; ii) mobility-related outcomes: usual and DT gait velocity, step length and stride time variability, and total FAB score; and iii) vascular outcomes: 24-hour systolic and diastolic BP, CAC, and carotid IMT.

For our primary outcome, we will also conduct sensitivity analyses whereby: 1) we will additionally adjust for age, sex, and baseline cardiorespiratory fitness; and 2) we will only include participants who complete a 24-week assessment and attend at least 80 % of exercise classes (i.e., "all-completers analysis"). For our primary analysis, we will also examine interactions involving age, sex, and baseline cognitive functioning (via the MoCA score). Two-sided P-values less than 0.05 will be claimed as statistically significant; however, interpretation of study results will primarily be based on estimation and associated 95 % confidence intervals \[[@CR52]\].

Discussion {#Sec26}
==========

This study will evaluate the effects of a 24-week multiple-modality plus mind-motor exercise program on global cognitive functioning, as well as domain-specific cognitive functioning, indices of cardiovascular health, and functional mobility in a sample of community-dwelling older adults with subjective cognitive complaints.

With the aging population and increased life expectancy, novel interventions aimed at preventing or slowing the onset of chronic diseases are needed. The cognitive continuum in aging suggests that strategies aimed at preventing or mitigating the progression of cognitive impairment might be most effective when targeting individuals who are within the earliest phase along the pathological cognitive continuum (i.e., prior to the establishment of objective cognitive impairment) \[[@CR1]\]. Improving cognition or reducing the risk of cognitive decline in individuals who report cognitive concerns may help to reduce the future incidence of more serious forms of cognitive impairment \[[@CR2]\].

Physical and cognitive activities, social engagement and vascular risk factor modification have all been suggested as important strategies for the prevention of cognitive decline \[[@CR71]\]. Literature suggests that healthy older adults \[[@CR41]\], as well as those with MCI \[[@CR39]\] have improved EF following multiple-modality exercise programs. Further, initial research related to cognitive training has shown improvements in cognition, albeit domain-specific improvements in healthy older adults \[[@CR46]\]. Recent evidence continues to suggest that cognitive training interventions produce cognitive improvements that are reserved for the cognitive domains that are actively being trained \[[@CR46]\] and unless there is significant progression in task difficulty through the intervention, there are very little transfer effects encountered \[[@CR34], [@CR72]\].

By combining exercise and cognitive training programs, improvements in cognitive functioning may be additive \[[@CR34]\]. The combination of a cognitive training paradigm within a physical exercise program may be superior to interventions that deliver these training modalities in isolation \[[@CR34], [@CR72]\]. The mind-motor intervention used in this study, Square-Stepping Exercise (SSE), combines physical and cognitive tasks and also promotes social engagement, which itself has been shown to benefit cognition \[[@CR73]\]; thus, SSE might be a preferred cognitive training program for older adults compared to other available options (i.e., computerized cognitive training). Combining group-based multiple-modality exercise training with mind-motor training may provide concurrent and complementary cognitive and vascular benefits, while providing greater cognitive benefits than either intervention alone.

The vascular benefits of aerobically-based exercise training are well documented; however, the impact of aerobic exercise on cognition and brain health has yet to be unequivocally discerned \[[@CR28], [@CR34]\]. Further, although a number of studies have investigated the cognitive benefits of cognitive training, there remains very little evidence regarding the potential vascular benefits that can be garnered through cognitive training. By combining a multiple-modality exercise program with mind-motor training, we aim to reduce risk factor burden related to a number of chronic diseases and conditions, including cardiovascular disease, mobility limitations, and cognitive impairment and dementia, in an attempt to provide the most effective strategy to promote active and successful aging \[[@CR72]\].

Limitations of the design and implementation of the study must also be considered. Participation was limited to a group of motivated volunteers, available during daytime hours, who are able to commit to a 24-week exercise program. In this study, we chose to use an active control group (M2 exercise program) as our comparison group rather than including an inactive control group. However, recent reviews \[[@CR74]\] have drawn attention to the limited number of investigations on the effects of exercise in older adults with cognitive impairment that include an active control group comparison, and have recommended that future studies address this issue. The inclusion of an active control group allows for the control of other factors such as the social interaction associated with group exercise classes; however, there is evidence that implicates low intensity exercise interventions with improvements in cognition and physical function \[[@CR37]\]. Future studies might consider also including usual-care control groups, in addition to an active comparison group in their study design. The definition of what classifies a "subjective cognitive complaint" has yet to be elucidated in the literature. We chose to use a simple question to measure whether individuals had self-reported a cognitive complaint, following the methods used by Barnes and colleagues \[[@CR37]\]. Future studies should consult the recently published conceptual framework \[[@CR75]\] in order to determine the most appropriate methods to evaluate subjective cognitive decline and accurately identify individuals who are at increased risk for dementia \[[@CR2]\].

With the global population aging, there is growing urgency to identify the most effective methods to reduce cardiovascular disease risk factor burden, the establishment of functional limitations, and the development of cognitive impairment. The Multiple-Modality, Mind-Motor study has been designed to simultaneously address these concerns and determine whether a multiple-modality exercise program combined with mind-motor training can improve cognition, vascular health, and mobility in older adults with cognitive complaints, to a greater extent than multiple-modality exercise programs alone.
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